Chapter 8.4 – Vector and Parametric Equations of a Plane

Recall in 
[image: image1.wmf]3

R

:

· A line can be defined by a direction vector and a point on the line

e.g.,
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· Two non collinear vectors span a plane

Combining these concepts gives us the following principle:

	Two non-collinear vectors and a point define a plane in R³


	            Example 1: 

a) State a vector equation for the plane in R³ that has direction vectors 
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and 
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and that contains the point Po(-1,1,3)

b) State three other points on the plane.


	Note that when dealing with lines, we generally designated 
[image: image5.wmf]m

as the direction vector.  When dealing with planes, we are now generally designating 
[image: image6.wmf]a

and 
[image: image7.wmf]b

as the direction vectors



Solution:


a) A valid vector equation of the given plane is 
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b) Three points can be obtained by remembering that there is a one-to-one correspondence between the chosen parametric values (s,t) and points on the plane.  This means that each unique point on the plane has associated with it a unique s and t value.

· let s = 1, t = 1
→
P1 (-1+1+3, 1–2+1, 3+1–4) = (3, 0, 0)
· let s = -1, t = 4
→
P2 (-1-1+12, 1+2+4, 3-1-16) = (10, 7, -14)

· let s = 5, t = 2
→
P3 (-1+5+6, 1-10+2, 3+5-8) = (10, -7, 0)

Therefore, three points on the given plane are (3, 0, 0), (10, 7, -14), and (10, -7, 0)

Example 2:
a) Determine a vector and parametric equation of a plane containing the points (-5, -7, 1), (2, -3, -2), and (-6, 1, -5)

b) Is the point (2, 5, 1) on the plane found in part a)?

Solution:

We can extrapolate the following general principles from our work on the prior page:
	In R³, a plane is determined by

· a vector 
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where 
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is a point on the plane, and

· two non-collinear vectors 
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and 
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The vector equation of the plane is 

· 
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The parametric equations of the plane are given by

· 
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The symmetric equations of the plane are given by

· Sorry!  It is not possible to derive symmetric equations of a plane like we did with lines in the last section     (


	More General Principles (that might help you answer test questions! ():  One and only one plane can be determined if we are given any of the following:

a) a line and a point not on the line

b) three non-collinear points (three points not on a line)

c) two intersecting lines

d) two parallel and non-coincident lines      (see the diagram on page 453 for further illustration)


Example: A plane 
[image: image16.wmf]p

 has 
[image: image17.wmf]R

t

s

t

s

r

Î

-

-

+

+

-

-

=

,

),

3

,

2

.

1

(

)

1

,

2

,

4

(

)

1

,

2

,

3

(

as its equation.  Determine the point of intersection between 
[image: image18.wmf]p

and the y-axis.

Solution:

Example: Determine the vector and parametric equations of the plane containing the point P(-2,1,7) and the line 
[image: image19.wmf])
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